On the basis of the ragweed increase, calculated sedimentation rates in southern Lake Michigan for the postsettlement period are 0.49 mm/yr for the central area of the southern basin of the lake and 0.9 to 1.02 mm/yr for areas along the east side of the lake. In agreement with results of studies of the other Great Lakes, the pre settlement sedimentation rates in Lake Michigan were generally lower than the postsettlement rates.
INTRODUCTION
Fossil pollen preserved within Lake Michigan sediments reflects changes in the vegetation surrounding the lake. Such changes are well known from studies of the Great Lakes region (Cushing, 1965) and provide one method of determining the age of the sediments. Most vegetation changes took place over thousands of years, however, and short-term fluctuations are not always apparent in the pollen record. One short-term vegetation change that has been correlated and dated throughout the Great Lakes region is a dramatic increase in ragweed ( Ambrosia ) pollen resulting from the initiation of large-scale forest clearance and agriculture in the middle of the nineteenth century (Davis, Brubaker, and Beiswenger, 19 71;  The most extensive program of pollen analysis of Great Lakes sediments has been conducted on sediments of Lake Ontario. Analysis of surface sediments from 9 stations on a 16 -km grid has resulted in maps showing the pollen content of sediment for the entire lake basin (McAndrews, 19 72; McAndrews and Power, 1973) . The pollen in Lake Ontario was poorly preserved, the majority of grains being badly corroded, crumpled, and broken. A long core through Holocene and late Wisconsinan sediments within the lake contained pollen assemblage zones which correlate with zones determined for inland lakes in southern Ontario (McAndrews, .1972 ). From short "Benthos" cores from six stations in deep water, McAndrews (1972) found the increase in Ambrosia starting between 15 and 20 cm below the surface of the sediment.
Studies of bog and pond sediments on Beaver Island in northern Lake Michigan (Kapp, Bushouse, and Foster, 1969 ) correlated lake-level fluctuations with the sedimentological history of the island. However, the study did not show an Ambrosia zone near the top of the sediments. Zumberge and Potzger (1956) correlated pollen in a buried peat horizon on the Lake Michigan shore near South Haven . Michigan, with high-water stands of glacial Lake Chicago. The top of this peat section was dated at 4000 radiocarbon years B.P., however; and it did not contain more recent sediments .
In many cases, the pollen found in the Great Lakes sediments is neither well preserved nor abundant, and the thickness of Holocene sediments varies greatly. The poor preservation of pollen, the variability of sediment, and the difficulty of deep-water coring have limited the number of pollen studies in the Great Lakes.
Geology of Southern Lake Michigan Lake Michigan began as a proglacial lake more than 13,000 radiocarbon years ago. It Gross, and Meyer, 1974) . The tills are overlain by glaciolacustrine and lacustrine silts and clays (fig. 1). in the southern basin, two types of glaciolacustrine sediments overlie the till (Lineback et al., 1971; Lineback, Gross, and Meyer, 1972 . The Ravinia Member is sand and is confined to the beach areas (Willman and Frye, 1970 . Core 1001-3A is from deep water, where Holocene sedimentation rates are moderate, and core 1002-3A is from the west side, where little Holocene sediment has accumulated. Core 800-5, near core 1001-3A, and core 836-5, which is geologically similar to core 1000-3C, were previously dated by radiocarbon Gross, Coleman, and Lineback, 1973 (Braun, 1950 (Fletcher and Clapham, 1974) . After the dry weight was obtained, 10 Stockmarr tablets, each containing 12, 500 ± 500 Lycopodium spores, were added to each sample (Stockmarr, 1971 (Elsik, 19 71; King, Klippel, and Duffield, 1975) . The pollen from the center of the basin is more highly degraded than that from the eastern side. The degradation of pollen in the sediments probably occurred before the sediments were deposited, and it indicates a long period of transportation through surface streams into the lake. However, a number of perfectly preserved grains of delicate types such as Cyperaceae are present in the sediments; and they probably indicate wind transport of some pollen directly into the lake. Several types of Paleozoic spores also were encountered regularly during analysis. These have likely undergone multiple cycles of erosion and redeposition. To further test the validity of the boundaries between the four pollen assemblage zones, chi-square tests ( x   2   ) of homogeneity were calculated for pairs of adjacent samples (Mosimann, 1965 a pollen grain to reach the center of the basin is unknown, and the buoyancy of the various pollen types could have an important effect on the resulting pollen assemblage deposited on the lake bottom.
Zone 4, which encompasses the Ambrosia increase, starts between 9 and 11 cm in core 969-2A. The characteristic increase in pollen concentration of zone 4b occurs above 7 cm. The boundary between zones 3 and 4 is clearly marked by the increase in Ambrosia, Pine pollen decreases from the middle of zone 3 to the top of the diagram, and oak pollen reaches a peak at the top of zone 3 (11 cm), preceding the ragweed increase, and then decreases. The pollen concentration diagram ( fig. 7) for core 969-2A shows the decline in arboreal taxa preceding the ragweed rise by 2 cm. The decline in numbers of pine and oak pollen grains in zone 4 is less pronounced in this core than in core 1000-3C, but the ragweed increase is equally large. Ragweed increases from 3 00 to 2 0,000 grains per gram between 11 cm and 5 cm. The number of oak pollen grains increases in the top sample, but that of pine grains does not. The rise in numbers of pine pollen grains in response to reforestation is probably contained within the discarded upper 5 cm of the core. The largest numbers of oak and pine pollen grains are found in zones 3 and 1 . The x 2 tests show significant differences in pollen percentages between the sample at 5 cm and the one at 7 cm (zones 4b and 4a), between the sample at 9 cm and the one at 11 cm (zones 4a and 3), and between the one at 23 cm and the one at 250 cm (zones 2 and 1) . The boundary between zones 2 and 3 was not identified by the x 2 tests, presumably because it is not as clearly defined as in the neighboring core, 1000-3C, and because the pollen concentrations were not considered by the tests. In general, the pollen zones in core 969-2A, especially zones 2 and 3, are not as distinctive as the zones in the other cores.
Sediment Dating
The increase in Ambrosia pollen in southern Lake Michigan sediments permits accurate dating of the upper few centimeters of sediment. A wood fragment found between 72 and 94 cm in core 836-5, near cores 969-2A and 1000-3C, was dated at 910 ±140 (ISGS-100) radiocarbon years B.P. (fig. 8) (ISGS-219) radiocarbon years B.P. (fig. 8 ). Seven samples from core 800-5, taken near core 1001-3A, were dated at about 2000 radiocarbon years B.P. at the surface and at more than 7000 radiocarbon years at the 1 -meter level ( fig. 9 ) (Gross, Coleman, and Lineback, 1973 detrital carbon being deposited in the sediment is constant relative to the percentage of indigenous carbon, these dates can be used to plot sedimentation rate curves
The fact that the radiocarbon dates shown in figure 9 plot in a straight line indicates that the dates are useful for determining sedimentation rates, but not necessarily for determining absolute age. Cyclic variations in the declination of the geomagnetic field have been discovered in the Lake Michigan sediments (Creer, Gross, and Lineback, 1976 . In Lake Ontario, the beginning of the Ambrosia increase was found at a depth of 15 to 20 cm in the central basin, an indication of rates of 1.3 to 1.7 mm/yr, which are significantly greater than the presettlement rates (McAndrews, 1972) . Data presented by Kemp et al. (1974) indicate sedimentation rates of 2.3 mm/yr for Lake Ontario, 5 . 8 to 15 mm/yr for Lake Erie, and 1.2 mm/yr for Lake Huron.
The radiocarbon dates from core 1 000-3 C plot nearly a straight line with depth ( fig. 8) show some trends which may correlate with those seen in our lake diagrams. In Lake Michigan pollen diagrams, the pine maximum (zone 3) below the Ambrosia increase is a common feature. A similar pre-Ambrosia pine peak is seen in the pollen diagram of a core from Kirchner Marsh, southeastern Minnesota, in sediments deposited after 1600 B.P. (Winter, 1962) and in a diagram of a core from the upper sediments of Iola Bog, Wisconsin (Schweger, 1969) . Pollen diagrams of cores from central lower Michigan (Gilliam, Kapp, and Bogue, 1967) and eastern lower Michigan (Jones and Kapp, 19 72) also exhibit a pine peak immediately preceding the Ambrosia increase. Although it is difficult to determine a date for the pine peak from published diagrams, the peak appears to be a consistent feature immediately preceding the ragweed rise in diagrams of pollen from throughout the Lake Michigan area.
The pollen concentration in the Lake Michigan cores varies from 4,000 to 90,000 grains per gram of sediment. The lowest concentrations are on the west side, the highest on the east side. Before the Ambrosia increase, the highest numbers per gram are found in zone 3, the zone of the highest pine percentages. The pollen in zone 3 is predominantly arboreal, and it is tempting to speculate about relationships between the increase in numbers of tree pollen grains and the effects of the late stages of the Little Ice Age, or Neoglacial (Flint, 1971, p. 524 ). Adam (1967) ascribed increasing fir and heath pollen in the top of his pollen diagram from the Sierra Nevada Mountains in California to the effects of this late Holocene period of climatic cooling. Using the regression line plotted from core 1000-3C ( fig. 8, A) , zone 3, the pine maximum, falls between 1075 and 130 radiocarbon years B.P. These dates coincide with the late Neoglacial (Denton and Porter, 1970; Porter and Denton, 1967) . Wendland and Bryson (1974) have identified 850 B.P. as the time of a "major botanical discontinuity" in North America. Additional support for a climatic cooling during the deposition of zone 3 is shown by the increase in Pioea in core 1000-3C. This spruce increase, reflected both in relative abundance (fig. 4) and in pollen concentration ( fig. 5) The major sources of pollen, therefore, may be the rivers that drain into the lake.
As most of these rivers are located on the eastern side of the basin, the highest pollen concentrations are found in cores from the east side.
Cores from the east side of the southern basin of Lake Michigan show the highest modern sedimentation rates in the lake 
